We set out to determine the frequency of occurrence of contamination of cerebrospinal fluid with bacteria, seeking also to identify aids to differentiating contaminants from etiologically significant isolates. From 2,091 specimens, 182 bacterial isolates were obtained from 129 For the etiological diagnosis of bacterial meningitis, the study of choice is the exainination of cerebrospinal fluid (CSF) by smear and Culture (7). However, contamination of this normally sterile fluid may cause confusion and lead to unnecessary or inappropriate antimicrobial therapy. Because we found no published reports of either the incidence or the identity of bacterial contaminants of the CSF, we reviewed the results of cultures and other conventional examinations of specimens of CSF that were submitted for testing at the University of California Davis Medical Center during the year 1980.
glucose concentrations in the cerebrospinal fluid were significantly more often abnormal in specimens from patients with meningitis. Haemophilus influenzae and enteric gram-negative bacilli were usually cause for meningitis, whereas Staphylococcus epidermidis was the most common contaminant. 1h view of the reported high rate of procedural error in carrying out lumbar puncture, a program aimed at teaching proper technique is recommended to decrease the frequency of false-positive cultures of cerebrospinal fluid.
For the etiological diagnosis of bacterial meningitis, the study of choice is the exainination of cerebrospinal fluid (CSF) by smear and Culture (7) . However, contamination of this normally sterile fluid may cause confusion and lead to unnecessary or inappropriate antimicrobial therapy. Because we found no published reports of either the incidence or the identity of bacterial contaminants of the CSF, we reviewed the results of cultures and other conventional examinations of specimens of CSF that were submitted for testing at the University of California Davis Medical Center during the year 1980.
MATERIALS AND METHODS From 1 January to 31 December 1980, 2,091 samples of CSF were submitted to the Clinical Microbiology Laboratory at the University of California Davis Medical Center. The cultures were obtained specifically to rule out meningitis, or to complete the evaluation of patients thought to have sepsis. Routinely, the sediment obtained by centrifugation of each specimen was Gram stained, cultured on blood and chocolate agar, and inoculated into brain heart infusion and thioglycolate liquid media. The cultures were evaluated daily for 3 days and then checked again after a total of 7 days of incubation. A physician was telephoned immediately at the first sign of any growth in these cultures, and a record was kept of the time, patient, and the physician who was notified.
The between the groups was determined by chi-square (Yates correction) analysis.
RESULTS
There were 182 isolations of bacteria from the 129 evaluable patients. Eighty-one isolates from 32 patients were considered to be etiologically significant, and these patients were diagnosed as having bacterial meningitis. One-hundred-one isolates from 97 patients were thought to be contaminants. There were no statistically significant differences in the age, race, or sex of the two groups of patients.
The results of the cell counts and measurements of glucose and protein in the CSF are shown in Fig. 1 ; the patients with contaminants were much more likely to have normal values, but there was some overlap. Patients with meningitis were much more likely to have abnormal values of the glucose, protein, and leukocytes in the CSF, but several patients had normal values.
The bacteria isolated from the two groups of patients are listed in Table 1 . Patients with Haemophilus influenza or enteric gram-negative bacilli in their CSF had meningitis significantly more often than did patients with other kinds of bacteria (P < 0.001 and < 0.01, respectively). Staphylococcus epidermidis was associated with contamination significantly more often (P < 0.001) than were other bacteria. No other microorganisms were significantly associated with either contamination or meningitis; the numbers of isolates of Streptococcus pneumoniae, Neisseria meningitidis, and Listeria monocytogenes were too small to permit statistical evaluation.
All of the patients considered to have meningitis had appropriate antimicrobial therapy. Five categories of chemotherapy were distinguished among the patients who had contaminants: (i) none; (ii) less than 3 days of appropriate treatment; (iii) inappropriate treatment, e.g., cephalosporinis or aminocylitols or both, or therapy with agents not active against the isolate; (iv) treatment with effective antimicrobial agents for nonmeningeal disease; and (v) more than 3 days of treatment appropriate for meningitis, though the organism isolated was judged to be a contaminant. The number of patients in each category is given in Table 2 .
The patients of groups (i) to (iii) had therapy which would not be effective in treating meningitis, i.e., 76.5% of the patients had therapy which would not cure bacterial menin- gitis. Many of the patients of groups (iv) and (v) had documented, serious, nonmeningeal infections; if these patients simultaneously had meningitis, they then had two different life-threatèning infections-an unlikely situation.
The sensitivity and specificity of a positive culture of the CSF can only be determined if both the number of falsepositives and the number of false-negatives are known. In a recently reported large series of patients with bacterial meningitis (6), 18.2% of the patients with meningitis were found to have sterile CSF. Assuming our population is similar, we would expect to have seen seven cases of culture-negative bacterial meningitis during 1980. Further, the sensitivity of a positive culture would be 92%; the specificity woüld be 95%; the false-negative rate would be 8%; and the false-positive rate would be 5%.
DISCUSSION
We wished to assess the frequency of false-positive cultures of CSF, seeking clues to differentiate etiologically significant isolates from contaminants. Many normally sterile body fluids are cultured, but we were unable to find published discussions of false-positive cultures of the CSF. Blood cultures aré similar to spinal fluid cultures in that both blood and CSF normally are sterile and are obtained by transcutaneous puncture after "sterilization" of the skin. Enteric gram-negative bacilli 6 4 Viridans group Streptococcus spp. Most large studies of blood cultures do not report assessment of the clinical relevance of the isolates, but define contaminants as single cultures of organisms normally found on the skin, e.g., S. epidermidis, Bacillus spp., or diphtheroids (3). The rates of contamination of blood cultures vary from 2.5 to 10.8% (3-5, 8, 9}-similar to the 5.2% rate we found in cultures of the CSF. S. epidermidis was by far the most common contaminant. However, there were six cases of meningitis caused by this organism. All six cases occurred in patients who had foreign bodies in place, e.g., Ommaya reservoirs, or ventriculoperitoneal shunts. Yet S. epidermidis was judged to be a contaminant of CSF obtained from several patients with dysfunction of ventriculoperitoneal shunts. Deciding the significance of isolation of S. epidermidis from the CSF is difficult on two counts: S. epidermidis is the most common cause of infection of ventriculoperitoneal shunts (10); and meningeal infection with S. epidermidis often causes minimal abnormalities of the cell counts and chemical values of the CSF. Resolution of this dilemma is often aided by obtaining several specimens of CSF for culture from separate sites arnd at different times.
Antimicrobial chemotherapy has made curing of bacterial meningitis possible, whereas without appropriate therapy the disease is usually fatal (1). Seventy-five percent of the group of patients thought to have contaminants did not receive antimicrobial therapy appropriate for the treatment of bacterial meningitis; they had either no clinical evidence of meningitis, or no evidence of meningitis at autopsy, 
